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POSSIBILITIES OF WESTERN PINES AS A SOURCE OF 
NAVIES SPO bry 


PURPOSE OF THE INVESTIGATION. 


The constantly decreasing supply of southern yellow pine timber 
available for turpentine operations, and the steady demand for tur- 
pentine and rosin, suggest the utilization of western pines forthe 
production of naval stores. 

During 1911 the Forest Service conducted experiments on western 
yellow pine in Arizona and California,t and on both western yellow 
pine and pifion in Colorado, to determine the quantity of crude 
oleoresin which could be secured from these pines by the methods 
ordinarily employed in the turpentining of longleaf yellow pine in 
the Southeast. The field work was supplemented by laboratory 
analyses to determine the quality of the gum. The experiments in 
California were conducted under the supervision of C. Stowell Smith, 
assistant district forester. 


ARIZONA EXPERIMENTS ON WESTERN YELLOW PINE. 
(Pinus ponderosa var. scopulorum.) 
DESCRIPTION OF EXPERIMENTAL AREAS. 


The Arizona experiments were conducted on the Coconino and 
Tusayan National Forests, about 9 miles north of Flagstaif. Cups 
were hung on three dierent areas, chosen to represent average forest 
conditions, and designated A, B, and C, with 500 faces on each. 
These three areas combined made 28} acres. In addition, 100 cups 
were hung on another area, D, for studying certain special problems. 
Figure 1 shows the location, altitude, and size of each of the experi- 
mental areas. The forest consisted of a pure stand of a variety of 
western yellow pine, running about 7,000 board feet to the acre. 
The surface of the ground was rolling and scattered over it were a 
large number of rocks of volcanic origin, commonly known as mal- 
pais rock. There was practically no undergrowth and but few trees 
below 12 inches in diameter breast high. Plate I shows a typical 


- 1 Experiments were started on lodgepole pine, sugar pine, and Douglas fir in California. The flow of 


gum was so small that the work was discontinued. During the season of 1912 the experiments on western 
yellow pine in California will be continued. The flow from digger pine, pifion pine, and Jeffrey pine will 


also be determined. : 
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stand on one of the experimental areas. The number of cups per 
acre varied from 37 in area A to 87 inarea ©. The trees were divided 
into two classes, ““yellow pine” and “‘black jack,” and the dip from 
each class collected separately. The name “black jack” is commonly 
used for young western yellow pine with black, deeply furrowed bark 
and a comparatively dense crown. Later in life the bark becomes 
orange and smoother, and the tree is then called “‘yellow pine.” 
The period in the tree’s life at which the change takes place is varia- 
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ble, and it is fairly common to find black jack of considerably larger 
diameter than yellow pine growing close by. Table 1 shows the 
number and size of the tapped trees in each of the three areas, A, 
B, and C. : 

The average size of the trees in area A was greater than that in 
Bor C. In area C the stand was denser and the trees more uniform 
in size than in the other two areas. Yellow pine predominated in 
areas A and B, while in C the stand was composed mainly of black 
jack. 


COCONINO NATIONAL 


BOUNDARY |LINE BETWEEN! TUSAYAN AND 


Fic. 1.—Location of experimental areas in Arizona. 


ARIZONA EXPERIMENTS ON WESTERN YELLOW PINE. @ 


Of the 388 yellow pines tapped, 89 had some defect, such as a 
fire-scarred butt, dead top, or large number of dead limbs. Of the 
395 black jacks, only 15 were defective. The greatest proportion of 
defective trees was in area A among the large yellow pines. 


TABLE 1.— Number and size of tapped trees in the Arizona experiments; areas A, B, and C. 


Number of trees. 
Diameter, breast Area A. . Area B. Area C. 
high. 
Black | Yellow Black | Yellow Black | Yellow 
jack pine, | Total jack pine, | Potal. jack. | pine, | Total. 

Jumber. | Number. Niuiabes | Muriber. Number.| Number.’ Number.| Number. 

5 7 3 | 10 | 13 | 2 15 

Se Seek 3 8 2 | 10 | 25 | 2 27 

1 12 19 aie | 26 28 4 | 32 

2 10 i 4 | 15 34 7 41 

3 9 10 8 i8 23 in| 28 

5 li 13 8 | 21 17 8 | 25 

3 16 7 6 13 18 3 | 21 

6 18 6 9 15 17 4 21 

7 23 4 18 22 11 7 18 

11 15 3 17 20 3 2 5 

a 16 1 18 19 3 3 6 

6 8 2 12 14 2 5 7 
7 roll eee cere 14 14 4 8 Le 

6 7 1 12 iy | 3 | 4 7 

15 NG) 2a ee 9 OF ae eee 5 5 

3 Fp ee 5 Be ai 2 2 

7 8 | 1 4 4 a eee eae ee Sa 9 55) ae Oa 

11 1 Oy diets Se 4 | 7 eee | 1 1 

6 Ca Da 4 | ARIE BEY Ss. 3 | 1 1 

ip Fela ee 3 Selo Sees oe | 2 2 

5 gl Raa oe ape 3 cy eared ean aa ea oe 

4 4 | sore S Pees) saebtecss (reac = [Scans 1 1 

3 SSP RRS tee 0D ge ea Bm coc EO ee Bede ape eea [e atl 0 Le 

3 | Bek pated, Ae Pins ae weit NES aN eal Ih 8 Soll eee | CaM oie 

4) CS ee Se ee 1 A Fe a ee eae oa 8) SE Se 

3 | Cy Larne ad eee ae bee em Lee aed 1 1 

1 | ie eerie | no eae | Leer yea es fee ae | a eee eee OE 

ifs] 11 fee eg ee | mene ee | meee eA erree eee Se bee Seal 

AQ and@Oyer=eese es | ee 12 | 12 | iy FRR eee | ee | eee jicke SES a peste Ree At 
Total.......-- 101| 140 241 | 93 | 171 264 | 201 77 278 


1 One of these 45 inches in diameter. 
Tapped trees on areas A, B, and C: Black jack, 395; yellow pine, 388; total, 783. 


WEATHER CONDITIONS. 


Table 2 shows the weather conditions throughout the Arizona 
experiments: 


TaBLE 2.— Meteorological record, Fort Valley (Ariz.) experiment station, 1911. 


Temperature. Precipitation. Relative humidity. 
Month. peas [aoe [eae 
axi-| Mini- : axi- ini- 
Mean. pride liters Rain. | Snow.| Mean. ica | on 
SL RE ee pee ee a | Sa ee 8 Sea 
°F. | ° F. | ° F. |Inches.\Inches.| Per cent.| Per cent.| Per cent. 
2 i kl Ss eee eee 39.9 | 65.0] 17.9] 0.22 | Trace. 51 90 
My ern ee ene 2 Se he ees. AULD F252 [e212 9 Prace.[s oo. 46 70 21 
SE ee ee 56.4] 83.1] 26.3 ges [eee 40 74 16 
DATES OS ae a oe eS eae Sa eae Ss GOST)? S35 8514 6024 ba7k [oes 2 69 97 26 
PARE RISE seen SSS = as Se G14 | SA. On AT D2. COM. ceicin 59 92 25 
SUT Hi a a ee ae Sy ee RO ee a BGUOH e922 |e esol” Brkt is aco 61 100 20 
CIGER eT ee oe OSs Se Aart ON be he GAY 2. OS naan as 54 100 17 
18 (17d al GS a ea en a ea 35.9} 51.0] 20.5 EOoteRracot ERt ep ls|) S28 Shr Sal ee aoe 
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The month of August shows the highest mean temperature (61.4° 
F.) and, as would be expected, the greatest yield of dip was during 
this month (see Table 3). Hardly any rain fell until July, when 
5.71 inches was recorded. The three following months also had a 
substantial rainfall. The total precipitation from April 1 to Novem- 
ber 15, 15.28 inches, was above the average for previous years. The 
mean humidity was greatest in July, and the driest weather in June. 
The mean temperature, humidity, and rainfall during the experi- 
ments were all below the average of similar observations made in 
Florida in connection with experiments there. In that part of 
Arizona in which the experiments were conducted the diurnal range of 
temperatures Is much greater than in the turpentine regions of the 
Southeast, and a drop of from 35 to 40 degrees during the night is 
not at all uncommon. These conditions cause the gum to harden 
on the faces at night, and it takes a comparatively long period under 
the influence of the morning sun to start the flow again. 


METHOD OF CONDUCTING EXPERIMENTS. 


All trees of 12 inches or more breast-high diameter were tapped, 
except where they were so defective that they would not be used 
in a commercial operation. No cups were placed on trees less than 
12 inches in diameter. One cup was placed on trees between 12 
and 15 inches in diameter; two cups on trees between 15 and 24 
inches; and three cups on trees more than 24 inches im diameter; 
but not more than three cups were hung on any one tree, no matter 
how large. On the other hand, less than the prescribed number 
of cups were hung in some cases because of defects in the tree. 

The cups were of galvanized iron. In hanging them, the rough 
outer bark near the base of the tree was first smoothed off, and a 
concave-edged broadax was then driven in with a maul in order 
to make an incision for a galvanized-iron ‘‘apron.’’ The apron was 
pushed tightly into the incision and the cup held below it by a nail 
driven into the tree, on which the weight of the cup rested. Plate 
II shows a ‘‘face”’ at the end of the season. The trees were chipped 
once a week with an ordinary turpentine ‘‘hack.”’ An experienced 
turpentine hand from the Southeast was employed to do the chipping. 
While it was the intention to make the streaks one-half inch deep 
and to add one-half inch to the height of the face at each chipping, 
measurements taken at the end of the season showed the average 
depth of the streaks to be 0.68 inch and the average height 0.77 
inch. This excess over the measurements originally planned was 
due to the fact that the workman had been trained to make a much 
wider and deeper cut. The cups were dipped every three weeks. 
Eight dippings were made on each area, the first on May 30, three 
weeks after the first streak was put on, and the last on October 31. 
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TURPENTINED “FACE” ON WESTERN YELLOW PINE (ARIZONA). 
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The gum was removed from the cups with a wooden paddle and 
collected in buckets. Each bucketful was weighed to determine 
the amount of dip collected. | 

These details are set forth to show that the experiment was con- 
ducted with the idea constantly in mind to make the operations 


similar to those of the Southeast. so that comparable results might 
be secured. 
YIELDS. 


COMPARISON OF YIELDS OF DIP IN ARIZONA AND FLORIDA. 


Table 3 shows the weight of crude gum or dip secured from the 
three experimental areas at the various dippings. 


TABLE 3.—Weight of dip obtained from western yetlow pine in Arizona. 


Area A. Area B. Area C. 

Date of dippine. a Date of dipping: pee || Date of dipping. eae 

1911 Pounds 1911 Pounds 1911 Pounds 
Mai sO mses me ee PB3e oul sone. ee ens pe 151675 9|| JUNG Goes seer 171. 25 
ITE 20 25. « epee SOS. Wee UNO ores scerk 320.50 |) JG 27% eee an 323. 50 
FT 7 US ten eee ne ee ESS 7 Payoh [a hid iad ye ee 407200) || Puly USc eee eee ae 366. 50 
PANU elects oe ee, eek eae SSO na (REA steers rey se ena BY PAE OH | os utes fee ee ae 400. 75 
PANU eRe sees YR 4655253 | ANI esos en 27s Sage 406300) | Alige 205. nae ee aces 417. 50 
Septeioin eas oe SRO-25RlEGenpRlGe. + esa 362: 2571' Septal Smee, = se eee aera 345. 75 
OCS eee. en SEE lel C115 Se eee ae aa DIS. 00" ||) Geta kOses se nea eae 255. 00 
ety 24a ase ote. SIGS 2 SR OCi Osea ec see 25820) RO baie ees err 151. 50 
Motaleys js Se 2, 862. 50 UM #2) [eae a 2, 524. 25 Potaleiw 22 S552 2,431.75 

Average per cup per Average per cup per Average per cup per 

NW OG Keer sepsis ec S23RaNt > weelktss sO te set . 210 WG Kee ein noes - 203 


Total weight of dip, allareas, pounds, 7,817.50. 
Average weight of dip per cup per week, pound, 0.217 
Each area of 500 cups chipped 24 times. 

There was a total yield of 7,817.5 pounds of gum for the three 
areas combined (1,500 cups), or an average flow of 0.217 pound per 
cup per week. Experiments conducted by the Forest Service in 
Florida show the following yields of crude gum and scrape for the 
virgin crops: . 


TABLE 4.— Weight of dip and scrape obtained from southern yellow pine in Florida, 1905. 


Average 
Weight weight of Weight 


Crop designation. of dip. | dip per cup | of scrape. 
per week. 
Pounds. Pounds. Pounds. 
SA et os ene UTE cA i fC pS SN ee ee 63, 615.5 0. 256 9,570 
SS OE eS Re eg ees rd ee ee eee 61, 161.5 . 246 7, 650 
TS EE SE 2 lg acs Berle Sead 17 ag oa 62, 587.0 252 7, 245 
Fay ES EP eS ge eg a 73, 703.5 .297 8, 888 
Any Clear Cie eeemgene = Sine re eet aes earn CEE ( SS Sat iss - = 65, 266.9 . 263 8, 338 


Each crop 8,000 cups, chipped 31 times. 
54464°—Bull. 116—12——2 
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The average yield of dip from the four crops of 8,000 cups each 
was 65,267 pounds, or 0.263 pound per cup per week. This makes 
the yield from western yellow pine 82.5 per cent of that obtained 
from southern yellow pme. In making this comparison the same 
unit of time is used in both cases, that is, the flow per cup per week. 
In order, that the yield per crop from Arizona and Florida may be on 
a comparable basis the Arizona yield of 7,817.5 pounds from 1,500 
cups may be expressed as the equivalent of a crop of 8,000 cups or 
41,700 pounds. This is 64 per cent of the average yield secured in 
the Florida experiments during the season of 1905. In the Arizona 
experiments the first chipping was done May 8 and the last dipping 
made October 31. Had the cups arrived earlier they could have 
been hung in April and the season lengthened to 26 weeks instead 
of 24. 


COMPARISON OF YIELDS OF SCRAPE IN ARIZONA AND FLORIDA. 


Table 5 shows the amount of scrape collected from the experimental 
areas and the percentage of faces bearing scrape in sufficient quantity 
to collect. 


TABLE 5.—Scrape obtained from western yelwow pine in Arizona. 


Weight | Faces bear- 
Area. ofscrape.| ing scrape. 


Bee ae 314. 75 55 
mei Be 288. 25 56 
Allareas..... 1,126.75 66 


Of the 1,500 faces on the three experimental areas 990 had sufficient 
scrape on them to warrant removing it. The total yield of 1,126.75 
pounds of scrape from 1,500 faces chipped 24 times is equivalent to 
an average yield of 0.031 pounds per face per week. Reduced to a 
common basis the Florida experiments (see Table 4) show a yield of 
0.034 pound of scrape per face per week. Hence the average produc- 
tion of scrape per face in the Arizona experiments was 91 per cent of 
that in the Florida experiments, if the yields are compared for equal 
periods of time. 

The total yield of 1,126.75 pounds of scrape from 1,500 faces is 
equivalent to a yield of 6,014 pounds of scrape from a crop of 8,000 
faces. Table 4 shows that the weight of scrape obtained in the 
Florida experiments averages 8,338 pounds per crop of 8,000 faces. 
The yield from western yellow pine is therefore 72 per cent of that 
obtained from southern yellow pime when the comparison is made 
on the basis of the whole season. 
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Area A produced considerably more scrape than areas B or C. 
This is accounted for in part by the fact that about one-third of the 
faces on A were worked for six weeks in the preceding year (1910). 


COMPARISON OF YIELDS OF DIP AND SCRAPE FROM BLACK JACK AND YELLOW PINE. 


The yields of dip and scrape from both black jack and yellow pine 
are shown in Table 6: 


TABLE 6.—Weight of dip and scrape obtained from black jack and yellow pine. 
BLACK JACK. 


Weight of dip. Weight of scrape. 
Ost Number 
of cups. Per cup : 

Total. per week. Total. | Per face. 
Pounds. | Pound. | Pounds. | Pounds. 

oA 2 BO Las Ded Be oe 5 BU Se eke eee ek oe 75a el sO63e5 0. 253 211.50 iD | 
ee eee fata ee os ete Sem icakine tine aw See 140 754.0 . 224 89.75 641 
Cac ce c seee ooeeeied cote Soe cceeceadea cs 332) 15,535..0 . 193 192.00 578 
PAU ATC aAS eer ce he ee ares ct en MPA mim See 647 | 3,352.5 216 493. 25 762 

YELLOW PINE. 

Imig aD SNS eS So nse 26 2 On BONO C EE Se ee ee 325 | 1,799.00 0. 231 312. 25 0. 961 
Bio os SadoS S45G0R SAS SHE Snes Se re 360 | 1,770.25 . 205 225.00 . 625 
Oe scedbbcs bascons SUES ee SSS eee ae eee eee eno 168 896. 75 . 222 96. 25 .573 
pu ISIE S502 65500586 Sood: Se Set Oe eee eg aa eeeeee 853 | 4,466.00 - 218 633. 50 . 742 


On areas A and B the black jacks gave a larger flow per cup than 
the yellow pines, while on C this was reversed. But including all 
trees of both classes the average yield per cup was practically the 
same. The production of scrape on area A was considerably larger 
per face for black jack than for yellow pine; on B and C the produc- 
tion per face was about the same for both classes of timber; taking 
all areas, therefore, the production of scrape ran slightly higher for 
black jack than for yellow pine. 


COMPOSITION OF DIP. 


The results of 22 analyses of samples of crude gum are shown in 
Table 7. These analyses show only the proportions of volatile oil, 
rosin, water, and chips in the crude gum. Ordinary turpentine from 
the southern yellow pines consists almost entirely of pene. A 
further analysis? of the volatile oil from gum obtamed in Arizona 
shows it to be mostly pinene with a small proportion of a higher 
boiling terpene not found in ordinary turpentine. There is no appar- 
ent reason why Arizona turpentine can not be used commercially with 
entire satisfaction. The same is true of the Arizona rosin. 


1 Forest Service Bulletin 119, An Examination of the Oleoresins of Some Western Pines, by A. W. 
Schorger. 
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Considering the pure dip, free from water and chips, there is little 
variation in the proportions of rosin and turpentine. The average of 
all the samples, 77.9 per cent rosin and 22.1 per cent turpentine, is 
practically the same as that of a number of samples of dip from south- 
ern yellow pine. The proportion of water and chips in the Arizona 
dip is considerably lower than in samples of dip collected from tur- 
pentine operations in the Southeast. This is to be expected, because 
in the Southeast the chipping is done as piecework, and the chipper 
in his hurry frequently neglects to place a guard over the cups, even 
when he is required to use a guard, which is but seldom. The com- 
paratively few cups hung in Arizona enabled the work to be carefully 
supervised. Table 7 indicates a slightly higher proportion of turpen- 
tine during the beginning and latter part of the season than in the 
summer months. There is practically no difference in the propor- 
tions of rosin and turpentine in gum from black jack and yellow pine. 


TaBLE 7.—Results of laboratory analyses on samples of dip from western yellow pine, 


Arizona. 
Analysis of samples. 
Area from which sam- pate Re Class of As taken. Bree ta a 
ple was taken. on timber. DS: 
Water. | Chips. | Rosin. | TYPED} Rosin, | TUrPen- 
@ BS. : tine. >|) tine: 

Per cent.| Per cent.| Per cent.| Per cent.) Per cent.) Per cent. 
PASS: SIFTS SELES GEE May 30 Yellow pine. 1.0 2.2 73.9 22.9 76.3 23.7 
TAs Seer ae oan corneas Uo iyy at ee dozss.3.7 3.5] .3.9 Taber) 20.9 77.4 22.6 
PATS ee AR eee SE Aug, 22 )..... dows 3.8 0.2 75.3 20.7 78.4 21.6 
DE ea pis ie ERA Pee See pe Octiesulaeeee dors 5.7 0.6 71.8 21.9 76. 6 23. 4 
TARE aS FRAC 30) bee. June 20 | Black jack.. PPB) 0.8 73.4 DE wes) 75.8 24.2 
A gees ie IN site Bla a Auge Vols. doe 9.5 1.4 67.1 22.0 75.3 24.7 
dA A Baer Bee Sue: SeDteelzulecace OD scsee 4.9 0.3 74.7 20.1 78.8 21.2 
Us a is Bs ne ee ie Octae 243 |\seeee ro La ayer see 3.4 0.2 70. 2 26. 2 72.8 27.2 
Bee at Saat oss em ea June 22} Yellow pine. 2.0 3.1 74.4 20.5 78.7 21.3 
1 5 Fe chan oa Say Steg te ADT Fe Jal Ramee Gols 5.0 2.2 75.6 17.2 81.5 18.5 
C5 yo sae See ara ee Bl 8 8 Seyoe WG ease douse eee 5.1 1.7 74.0 19.2 79.4 20.6 
le SoU ee eee mance aa Oct: 726)2252 2 dows. 4.4 1.0 71.5 23.1 75.6 24.4 
BS a ete aaa ee: June 1 | Black jack.. 1.9 2.8 73.9 21.4 77.5 22.5 
IB Ere Aes SAWS BE aed Silver ole ses dass es She 2.0 75.8 18.5 80. 4 19.6 
BS See an een aay Aug. 24} 22... dou: 3.5 1.3 75.6 19. 2 79.8 20. 2 
Base etna tel hein ey ee Oo Gy |emarvilpa- ease 4.3 1.5 73.4 20.8 77.9 22.1 
OX Cie ae aaa es June 6] Yellow pine. ii) 0.9 75.3 22.7 76.8 FBhY) 
Ce, dae NE olen fc ATI. Bie wee Osea te 0.6 79.9 17.8 81.7 18.3 
Ce roe Asay Oct. 10Uts es do-ceeccs 6.2 0.8 Basti 20.3 78.2 21.8 
Opa ee betes 2s A Ye athe June 6] Black jack.. ils? iS 7 75. 6 21.4 77.9 221 
aaa reli Sie old ate Ai AIR Sh ec dor ees: 4.9 .0.2 75.3 19.6 79.3 20.7 
OPO seat Ao earee ee OctielOulme-r dosses4 6.0 0.7 72.8 20.5 78.0 22.0 
Average of allisampless.| so.e0tecc|: bien ceeds 3.9 1.37 73.8 20.9 77.9 22.1 


CONDITION OF TAPPED TREES. 


At the time the cups were hung, the trees were examined at the 
butt to determine if they were infested with boring beetles. Very few 
of the trees showed signs of insect attack, but, because of the thick, 
rough bark the examination told but little, since the evidences of 
beetle infestation are not noticeable except in severe cases. At the 
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conclusion of the experiment also the faces on a number of trees on 
each area were examined. Of 276 trees inspected, the faces on 116 
showed indications of borers. These indications, consisting of small 
deposits of finely divided wood, were generally found on the lower 
part of the face near the apron at the junction of the mner bark and 
sapwood. Whether or not the trees were infested with borers before 
the cups were hung is not known. It was noted that practically all 
the trees which showed signs of borers also contained holes made by 
woodpeckers, doubtless in search of the insects. 

Of 634 faces examined on the three areas 5 were found to be dry 
and 26 partially dry. 


EVAPORATION FROM CUPS. 


The rate of evaporation from the cups was determined by exposing 
cups half full of fresh gum to the action of the air and weighing them 
at regular intervals. The samples of gum were secured by taking 
small amounts from as many of the cups as necessary on the first or 
second day after a fresh streak had been put on. Two samples were 
taken from each area after each dipping. As dip is collected every 
three or four weeks in commercial operations, the loss in weight 
during the first four weeks is the significant figure in the evaporation 
tests. Forty-eight evaporation samples were used. Of these, 14 
showed no loss at all in weight for the first four weeks; the remaining 
34 samples showed losses ranging from 1.5 to 10.5 per cent of the orig- 
inal weight. The average loss in weight for all the samples was 3 per 
cent. The gum as exposed contained turpentine, rosin, water, and 
chips. The loss by evaporation was, of course, made up of turpen- 
tine and water. The average loss of turpentine by evaporation 
from the cups in the Arizona experiments was therefore less than 3 
per cent. No evaporation figures are available for southeastern 


operations. 
SPECIAL PROBLEMS INVESTIGATED. 


Area D contained 50 selected trees 15 inches or more in diameter 
breast high. Two cups were hung on each tree—one on the north 
side and one on the south side. In 25 of the trees the first streak was 
put on so as to bring the peak of the face 3 inches above the apron. 
In the remaining 25 trees the first streak was put on so as to bring the 
peak 18 inches above the apron. Of the 50 selected trees about half 
were black jack and half yellow pine. The 3-inch and 18-inch faces 
were placed on black jack and yellow pines in about equal proportions. 
The rough outer bark between the peak and the apron was smoothed 
off in all of the trees. The trees were chipped every week in the 
ordinary manner. The cups were dipped every week and weighed 
on the third, fifth, and seventh day after each chipping throughout 
the season by means of a small portable balance. The dip from the 
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low and high faces was kept separate and typical samples chosen 
for analysis. 


COMPARISON OF YIELDS FROM NORTH AND SOUTH FACES. 


The total yield for the 50 cups on the north side of the trees from 
the first dipping on June 3 to the last dipping on November 3 was 
242.6 pounds and for the south cups 266.2 pounds. These weights 
show a 9 per cent greater flow on the south side of the trees than on 
the north. Figure 2 shows the average yield per week for both the 
north and south faces of each of the 50 trees arranged in order of the 
yields from the south faces. Twenty-seven south cups yielded 
more than the corresponding north cups, while 17 north cups showed 
an excess over the corresponding south cups. The remaining six 
trees had about the same flow for both cups. The diagram shows 


EEE EEE HS ees A WHEEREE SEU AAT 
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Fic. 2.—Comparison of flow from north and south faces of each of fifty trees. 


the tendency of faces on the same tree to give the same yields.. 


Trees having an exceptionally good or exceptionally poor flow 
generally show it in both faces. 


COMPARISON OF DIP FROM HIGH AND LOW FACES. 


While there was an attempt to determine what greater loss there 
would be, if any, from evaporation from the higher faces, it was 
found to be impossible to select trees with comparable flows. As 
far as it was possible to carry out the experiment, the indications 
were that the proportions of rosin and turpentine in the dip were 
not affected by the height of the face, and this would seem to show 
that there was no appreciable difference of evaporation on faces 
with a difference in height of 15 inches. Table 8 gives the composi- 
tion of dip from the two heights of faces. The results of the analyses 
given in this table are very "similar to those given in Table 7. 
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TABLE 8.—Composition of dip from 38-inch and 18-inch faces. 


SS 


3-inch faces. 18-inch faces. 


Date of collection. 
Rosin. |Turpentine.| Rosin. |Turpentine. 


Per cent.| Percent. | Per cent.| Per cent. 
9 78.2 1.8 


AoA) 1105 5 Sa Sees eae CoS e oot eae See Cosa Sere Soran ores 78. 21.1 2 
76.5 23:9 78. 4 21.6 
Athi Gale yo era aE Oren a een eee ccis abs, Sareea ae 80.0 20.0 79.2 20.8 
78.7 21.3 78.5 2155 
Sots o.oo Spee erteos Gace ese bonMean Sern ascnst heocalcsdomme 80.0 20.0 78.6 21.4 
78.4 21.6 78.9 21.1 
Oye iG) ean Ae eee en RsarCaoSoesSpobecceicooeaasoSeoaE 78.3 21.7 77.0 23.0 
77.0 23.0 78.3 PDs Tf 
IAGETAL Chee ee ee eee ee eae aerate eile ii) 1- 1-1 78.5 21.5 78.4 21.6 


EFFECT OF TEMPERATURE ON WEEKLY FLOW. 


Figure 3 shows the average flow per cup for the 50 trees on area 
D for each week and the corresponding average temperature. The 
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Fic. 3.—Relation between temperature and rate of flow of gum. 


flow increased or decreased with increase or decrease of temperature 
with few exceptions. The effect of cool weather in checking the 
flow is especially marked toward the end of the season. 


RATE OF FLOW DURING WEEK. 


It is well known that gum flows most rapidly just after a fresh 
streak and that the rate of flow decreases until at the end of a week 
it has become so slow as to necessitate rechipping. Data on the 
variation in rate of flow were secured by weighing the north and south 
cups on 10 trees on the third day after each chipping throughout the 
season. The sum of the weights for each tree was compared with 


16 WESTERN PINES AS A SOURCE OF NAVAL STORES. 


the weight of the total flow for the season from the same trees. An 
average of the results shows that 73 per cent of the weekly flow 
occurred in the first three days. This ratio varied from 65 per cent 
to 78.6 per cent in the 10 test trees. 


CALIFORNIA EXPERIMENTS ON WESTERN YELLOW PINE. 


(Pinus ponderosa.) 


DESCRIPTION OF AREA AND METHOD OF EXPERIMENT. 


The California turpentine experiments on western yellow pine 
were conducted on the Sierra National Forest about 2 miles from 
North Fork, Madera County. Nine hundred and sixty-eight cups 
were hung on about 160 acres, which included several ridges extend- 
ing from a main ridge, and ranged between 3,500 and 4,500 feet in 
elevation. No cups were hung on the few trees in the small canyons 
between the ridges, and a few large trees with extra thick bark also 
were left out. The stand was very open, and consisted principally 
of mature western yellow pine with a sprinkling of young pines and 
some scrub oak. The ground was generally free from undergrowth, 
with the exception of occasional patches of bear clover from 6 to 18 
inches high. Plate III shows a portion of the experimental area. 
The number, size, and condition of the tapped trees are given in Table 
9. Out of a total of 410 trees, 64 were fire-scarred and 47 had been 
tapped the year before in preliminary experiments. 


TABLE 9.—Numober and size of tapped trees in the California experiments. 


| Trees Trees 
with fire-} Trees with fire-| Trees 


pane Total | scarred | tapped eed Total | scarred | tapped 
hich | trees. butt or | previous . trees. butt or | previous 
gi. “cat year. : “cat year. 
face.” face.” 
Inches. | Number. | Number. | Number. || Inches. | Number. | Number. | Number. 
12 8 3 74. 29 13. 2.22546 54| Sea 
13 10 feat ree ae 2 30 16 1 2 
14 15 1 1 31 13 3 I! 
15 10 2 2 32 11 2 1 
16 20 4 1 33 12 2 lec ce eee 
17 13 Patel pete he A alle © 34 6 1 | ee 
18 21 1 4 35 7 a EOS = = 
19 20 4) doses hee 36 4 xe oe 
20 29 4 1 37 2 1 eee 
2A | 22 3 (a). 1] 38) |i sh22s 22] ee ee 
22 | 25 3 23 39 L's |i Gee eee 
23 19 Beall 2 40 2 Lops. 
24 34 ae | 10 41, |ca.. $022 esse eee eee 
2a | 29 | 4 5 42 |. once ns|Gh seen ee eee 
26 18 4 - 43 2 O} pieasyoees 
27 12 1 2 
28 16 3 1 Total 410 C4 47 


The same procedure in hanging the cups and chipping was followed 


as in the Arizona experiments, except that the chipping was done 
by forest rangers and guards instead of by an experienced turpentine 
hand. The first streak was put on July 7 and the last dipping made 
November 1; during this period of approximately 16 weeks the trees 
were chipped 16 times and dipped 8 times. 


j 
: 
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WEATHER CONDITIONS. 


Table 10 shows the weather conditions during the California 
experiments, including three months preceding and one month 
following. The mean temperature on the area from June 1 to 
November 30 was a few degrees lower than the mean temperature 
recorded for the Florida ! experiments from March 17 to November 2. 
The diurnal range is much greater than in Florida. The total rainfall 
on the California area for the period of the experiments amounted 
to only 2.16 inches. 


TaBiLE 10.— Meteorological fecord, Northfork (California) ranger station, 1911. 


Temperature. Precipitation. 
Month. Average 
Mean. |Maximum.| Minimum. qr Rain Snow 
24 hours. 
IRS OF. IK. CIE Inches. Inch. 
ManGhisa-o 40 tes eee ae ee 50.1 84 30 25 12. 44 0 
AN{ Over ERS SR ee ae ee ees oe 50. 2 79 30 29 4.25 0 
MIEN) 3 eee ie a a Seg ae Pe ae aed 56.3 87 32 34 1.18 0 
BUIUEEY @ Myeiae dpe ey eS a Tem ms Ng Hela 66.8 103 46 37 Trace 0 
Ab SSE RA eons Some e et eer 79.5 108 52 39 0 
ETISTIS HAYS Bae ese oe ees ee Sa 72.5 101 50 39 0 0 
Septemibers. 232 35-052 63.7 98 42 39 35 0 
OCtODCR se ee ee Fees 61.2 94 32 43 3 0 
ING VOTH Cesar Ser Re ioe ye 54.0 90 24 45 15 0 
PRCCEMDCINAs fe i eee ALE ie 41.5 76 15 29 1.58 0 
YIELDS. 


Table 11 shows the weights of gum secured from the area at the 
various dippings. The average yield of 0.281 pound per cup per 
week is slightly greater than that in the Florida experiments (0.263 
pound; see p. 9), but it should be kept in mind that the California 
experiments were not begun until July and that had they been started 
earlier in the season this average might have been lower. Seventeen 
faces were chipped at monthly intervals during December, January, 
and February. A yield of 16 pounds of dip was obtamed, which 
shows that gum continues to flow throughout the winter. 


TaBLeE 11.—Weight of dip obtained from western yellow pine in California (968 cups). 


auld Weight ear Weight 
Date of dipping. of dip. Date of dipping. of ain! 
Pounds. Pounds. 
Urliya Se aee aaeeeees Sack BE GS EES G507! |KO CEN OSes eee ee Re Fee Ae ER 578 
LAO CR a Sh ae SAM IN Oeil eres eet ey Se 490 
AGS UGS 2 he ee EE ee ee 702 = 
BOM ees sel ee eo. cee 610 ANOLE IEG hp LS RS Ree tis ESR SMCS ee eo et ie 4,366 
Bete eert ns ne PSs el 418 Average per cup per week.....-.-- 0. 281 
Op isaweceaaeeo ome. te SRD: eee ae es 554 | 


1 Forest Service Bulletin 40, A New Method of Turpentine Orcharding, by Charles H. Herty. 


18 WESTERN PINES AS A SOURCE OF NAVAL STORES. 


The total weight of scrape obtained from the area at the end of the 
season amounted to 287 pounds. This is equivalent to a yield of 
0.018 pound of scrape per face per week, somewhat less than obtained 
in the Florida experiments (see Table 4). 


COMPOSITION OF DIP AND SCRAPE. 


The results of analyses of two samples of crude gum and one 
sample of scrape are given in Table 12. The proportion of turpen- 
tine in the California gum, as shown by these samples, is less 
than in the Arizona gum (see Table 7). A further analysis of the 
volatile oil from California western yellow pine shows that it con- 
tains a considerably smaller proportion of pmene than ordinary 
turpentine, and contains another oil not found in ordinary turpen- 
tine. It is, however, probable that turpentine from California 
western yellow pine will prove of commercial value. Its use is 
recorded in California at the close of the Civil War, when turpentine 
operations in the Southeast were practically at a standstill. The 
operations in California were very crude, however, and were dis- 
continued as soon as naval stores from the Southeast became available. 


TaBLE 12.—Results of laboratory analyses on samples of dip and scrape from western 
yellow pine, Calrfornia. 


Composition of samples. 


Date of S Free from water and 
Material. collec- As taken. chips. 
tion. 
Water. | Chips Rosin. | TUTPeD-| Rosin Turpen- 
° 1g : tine. ; tine. 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent.| Per cent. 
Dip Rete ea hee cee tee Oct.,1910 . 2, 0.8 79.5 18.5 81.1 18. 
DY oeurpe ee cand NO hi eh Bl Oct.,1911 . 1.0 1.6 Sea 16.3 83.2 16.7 


Scrape sis sa- oye eee eens Oct.,1910 . 1.1 8 84.9 13.2 86. 4 13.4 


EVAPORATION FROM CUPS. 


The loss from the cups by evaporation was tested by weighing four 
cups approximately half full of fresh gum on September 7 and again 
on December 1. The average loss in weight was 2.8 per cent. 


COLORADO EXPERIMENTS ON PINON. 
(Pinus edulis.) 
DESCRIPTION OF AREA AND METHOD OF EXPERIMENT. 


The turpentine experiments on pifion were conducted on the 
Montezuma National Forest. The cups were placed on a tract 2} 
miles southeast of Mancos, representative of average conditions 
in the pifion stands of southwestern Colorado. The elevation is 7,200 
feet; the surface is rolling with a gentle slope to the southwest; 


Te 
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the soil is adobe, very thin, and underlaid by the Mancos shales. 
The trees were of various sizes; those of medium size generally 
occurred in groups, while the old trees usually stood alone. There 
was heavy underbrush, which made the work of placing the cups 
very difficult. The many defects in the trees, such as gnarled, 
twisted, and partially dead butts, and low limbs, further complicated 
the problem. It was necessary to place some of the cups 2 or 3 
feet from the ground because of these conditions. One hundred and 
twenty-three cups were hung on 4 acres, approximately 31 cups to 
the acre. Ninety-five trees were tapped; of these 67 had 1 cup 
and 28 had 2 cups. The diameter of the tapped trees ranged from 
7 to 26 inches about 1 foot above the ground. Plate IV shows a 
single pifion on the edge of the experimental area. 

The method of placing the cups was the same as in the Arizona 
experiments, except that no attempt was made to limit the minimum 
diameter of tapped trees or the number of cups placed on any one 
tree. The chipping was done by a ranger who soon became accus- 
tomed to handling a hack. 


WEATHER CONDITIONS. 


Table 13 shows the weather conditions at Mancos while the turpen- 
tine experiment was in progress. Mancos is at approximately the 
same elevation as the pifion area. 


TABLE 13.—Weather record at Mancos, Colo., June to October, 1911 (U. S. Weather 
Bureau). 


Temperature. 


| Month. a ee Le ree ipitation: 
Maximum. | Minimum. 


oF, oF, Inches. 
SUING e is ete 86 33 1.92 
SPUD ype eee 83 43 5.39 
MUSUSE eae 88 38 1.82 
September. .... 83 36 3. 32 
October=: 352 | 68 14 3. 63 
YIELD. 


The weight of dip secured from the pifion area at th2 various 
dippings is shown in Table 14. 


TaBLE 14.—Weight of dip obtained from pifion pine in Colorado (123 cups). 


E | i 
ea Weight of ae Weight of 
Date of dipping. dip. Date of dipping. dip. 
Pounds. Pounds. 

ApTie® SUAS 2 Se SAS as Se Bee et ee oe DES Om OGL ben S As ees tees eer se base ot be tee ite 50. 0 
LELN AZ S ec Zoe ee BOLORHeOCtO bea Lantern ee ee ce ose 12.0 
UNO FOG) te GS Sa ee Oe 71.0 
SETA ESUEDN GT Lee en 75.0 ToOtale eee ee es ees 366. 5 
Repeppmiberome sso 2S ee LL 63.5 147 
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The total yield of 366.5 pounds represents the dip secured from 
123 cups from June 9, when the first streak was put on, to October 
31, the date of the last dipping, a period of approximately 20 weeks. 
The average yield of 0.147 pound per cup per week is about two- 
thirds as much as secured from western yellow pine in Arizona and a 
little over half the average yield of southern yellow pine in Florida 


operations. 
COMPOSITION OF DIP. 


Table 15 gives the results of analyses on five samples of pifion dip. 


TABLE 15.—Results of laboratory analyses on samples of dip from pifion, Colorado. 


Date of collec- : Turpen- 
tion. Rosin: tine. 


Per cent.| Per cent. 


June sO eeeeeee- 81.3 18.7 
Drailyalo yee 78.3 21.7. 
Ana pole 81.0 19.0 
Septal nee tees: 78.3 21.7 
SCIUs ZBosoqsea- 78.0 22.0 

Average... 78.4 20.6 


Notre.—Per cents of rosin and turpentine are calculated for gum free from water and chips. 


The proportion of turpentine in the pifion gum was slightly less 
than in the gum from Arizona western yellow pine (see Table 7). 
The turpentine from pifion is composed mainly of pinene and in 
this respect is similar to turpentine from southeastern pines, but it 
also contains another oil of quite different physical properties. The 
turpentine, however, could probably be used for industrial purposes. 


COLORADO EXPERIMENTS ON WESTERN YELLOW PINE. 
(Pinus ponderosa var. scopulorum.) 


DESCRIPTION OF EXPERIMENTAL AREAS. 


The turpentine experiments on western yellow pine in Colorado 
were conducted on two areas, one on the Montezuma National Forest 
and the other on the San Juan. The Montezuma area is about 7 
miles from Mancos, on a southwestern slope at an elevation of about 
7,800 feet. The area was lightly cut over several years ago, and some 
of the largest trees were removed; but it still contains trees of all 
ages and is a representative stand for the locality. The soil is thin 
and rocky. One hundred and twenty-five cups were hung on an area 
of 6acres. Sixty-eight trees were tapped, ranging from 13 to 32 inches 
in diameter breast high. The first streak was put on June 10. 

The San Juan area is about 6 miles north of Durango on a fairly 
steep slope at an elevation of about 7,500 feet. The area contained 
considerable undergrowth. Plate III, fig. 2, shows a typical view on the 
San Juan area. One hundred and twenty-five cups were hung on 62 


Bul. 116, Forest Service, U. S. Dept. of Agriculture. PLATE IV. 


MATURE ISOLATED PINON ON TURPENTINED AREA IN COLORADO. 


COLORADO EXPERIMENTS ON WESTERN YELLOW PINE. Aik 


trees, ranging in size from 14 to 42 inches diameter breast high. 
Because of adverse weather conditions, weekly chippings were skipped 
three times during the course of the experiment, so that instead of 
21 chippings from June 16 to November 4 there were but 18. Con- 
siderable rain fell while the experiment was in progress. In Durango, 
which is some 2,500 feet lower than the turpentine area, the precipi- 
tation from June 1 to October 31 was 17.08 inches. The greater 
elevation and the topographic features of the experimental area tend 
to cause a much greater precipitation there than in Durango. During 
the last few weeks of the experiment there were several snow flurries 
and periods of cold weather with freezing at night. 

The method of hanging the cups and conducting the work on both 
areas was the same as in the Arizona experiments, except that the 
chipping was done by rangers. The trees used in the Colorado and 
Arizona experiments were of the same species and variety. 


YIELDS. 


Table 16 shows the weights of dip obtained from western yellow 
pine on the Montezuma and San Juan areas. 


TABLE 16.—Weights of dip obtained from western yellow pine in Colorado. 


Montezuma area. | San Juan area. 
= Date of dipping. ee | Date of dipping. | Se 
| : 
Pounds. Pounds 
Jil peer he eet AAS See he Ae ee lors 52. 75 QFIUD NCS Se es ea Re ie eae ea 34. 75 
Ulivi ee ses ah en Fe sec 68.5 UU ees Sas eee pete Meee eee Sete tea ae 58. 5 
IANS RADE eee Sham Se ra tae iad St 4 89.0 BA Pee O Beye ee Mas ciara tags oicisies 75. 0 
SOO Rs Sada gebe Se ae a ee 87.0 SED UNO Meee ae ee Sec se Sethe cin ne 66. 75 
SO DUSUBtsaaaea ces one > Seen Seis ee err | 79.0 OCtRSEe eS eer eee ce eee sec eas 2as ne 55. 75 
OG WAG eRe ee Sa ene See ee eee 75.0 IN| OWys Sas BE a ett I ne Nae a ine rs Pies 
RU Gyr fl eehee eps ese bs ota 2 Booed ie 1850) 51 
Reitewere wows ki eT 8 | 469.25 _| ANON Ce tals ee eae ae | 318.25 
Average per week per cup...---..-.- | . 188 | Average per, week per cup..--.---- | ally/ 


The average flow per cup per week on the Montezuma area was 
0.188 pound, and on the San Juan 0.127 pound; in both cases lower. 
than the average of 0.217 pound secured from the same pine in the 
Arizona experiments. This difference is perhaps due in part to the 
fact that the chipping in Arizona was done by an experienced tur- 
pentine hand. On the Montezuma area the greater regularity in 
carrying on the experiment accounts, at least partly, for the higher 
yield as compared with that from the San Juan area. 


SUMMARY OF RESULTS. 


The Arizona experiments show a yield of resin from western yellow 
pine (Pinus ponderosa scopulorum) about four-fifths as great as that 
obtained from southern yellow pines (Pinus palustris and Pinus 
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heterophylla) in average operations in Florida* if the comparison is 
based on the same period of time for both. Weather conditions in 
Arizona, however, will allow only a 24 or possibly a 26 weeks’ season 
as against a 30 or 35 weeks’ season in the Southeast, so that when 
the yields for an entire season are compared, western yellow pine 
shows a production about two-thirds as great as that from southern 
yellow pine. The average proportions of rosin and turpentine in the 
gum were about the same as in gum from the southeastern pines, 
and the turpentine had a composition much like that from the 
Southeast. 

The California experiments on western yellow pine, carried on 
over a period of 16 weeks from July 7 to November 1, show an 
average rate of flow slightly greater than that in the Florida experi- 
ments. Had the workin California been started earlier, it is probable 
that the weekly average would have been lower, as a smaller yield is 
to be expected early in the season. The season of flow in California 
will undoubtedly be as long as in Arizona, and probably longer. 
The composition of the volatile oil obtaied by distilling the gum 
from California differs from that of ordinary turpentine somewhat 
more than does the Arizona turpentine, but the oil probably will be 
satisfactory for industrial purposes. 

Pifion (Pinus edulis) in Colorado had a rate of flow slightly over 
half that of the Florida pines for a 20-weeks period, from June 9 to 
October 31. The volatile oil from the pifion gum differs somewhat 
from ordinary turpentine, but is probably suited to industrial use. 


PROBLEMS WHICH CONFRONT COMMERCIAL DEVELOPMENT. 


In considering the possibilities of commercial turpentine opera- 
tions on western pines the problem of labor is one of the first that 
presents itself. In Arizona, Mexicans constitute a large part of the 
laboring class, but they are totally unfamiliar with turpentine work. 
Negro turpentine hands could be brought in from the Southeast, but 
their transportation would be costly. A few negro hands might be 
secured to teach the Mexicans, but whether the results would be 
satisfactory 1s, of course, unknown. In California both Indian and 
white labor is available in many timbered portions that have turpeh- 
tine possibilities; here also the chippers would have to be taught 
how to use a hack. 

The shorter season in Arizona, as compared with that of the South- 
east, and the comparative severity of the winters in the timbered parts 
of the State might make it necessary to discontinue operations entirely 
for a few months during the winter. This would necessitate the 

1 As a basis of comparison for the yields obtained in the West, the results of experiments made by the 


Forest Service in Florida several years ago are used. (See Bulletin 90, Relation of Light Chipping to 
the Commercial Yield of Naval Stores, by Charles H. Herty.) 
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reorganization of the operating force each spring, with a great many 
attendant difficulties. The California experiments were not started 
until June, so that the time when the gum begins to flow is not 
yet known. The flow continued in California longer than in Arizona. 
Temperature records taken on the California and the Arizona areas 
show a considerably higher average temperature in California. The 
diurnal range of temperature is greater in California than in Arizona. 

Western yellow pine timber generally grows in open stands free 
from underbrush. In the majority of stands there would be but lit- 
tle, if any, more difficulty in moving the crude gum than in the South- 
east. On rough ground burro pack trains might be used. Two small 
kegs or buckets holding about 150 pounds of dip could be slung on 
each animal. 

The number of cups that can be hung on an acre of average west- 
ern yellow pine compares favorably with many areas that are now 
being turpentined in the Southeast. The western trees are larger 
than most of the southeastern ones. The bark of the western pines 
is, however, thicker and rougher, and it will be necessary to remove 
the outer bark before hanging cups or chipping the trees; and this, 
of course, means the expense of an extra step not necessary in south- 
eastern operations. Such work can be done by the use of a broad 
ax or heavy spade-shaped tool with a cutting edge. 

The cost of securing turpentine rights in the Southeast is con- 
stantly rising, and it is likely that turpentine stumpage could be 
leased at lower rates in the West. 

At present the turpentine and rosin used in the West is shipped 
from the Gulf States. The advantage of cutting out a two or three 
thousand mile haul to western markets is evident. 

The commercial success of turpentine operations in the Southwest 
will be doubtful until they have been tried on a commercial scale. 
Nearly as much turpentine and rosin was obtained from western yel- 
low pine, and the amount of timber available for turpentine opera- 
tions in the Southeast is constantly diminishing. These two facts 
make it reasonable to suppose that turpentine operations in the large 
tracts of virgin pine timber of the West will, in time, be justified. 
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